SUMMARY:
A large-molecular mycobactericidal fraction associated with cathepsin and acid phosphatase activities was separated from detergent-extracts of the lung and spleen granular fraction of tuberculous mice by gel-filtration on Sephadex G-150 column. The mycobactericidal activity was expressed only in the acidic environment below pH 6.0, and the activity was reduced when the amount of bacilli exposed to the fraction was increased.
The latter observation appeared compatible with the finding that the mycobactericidal activity was removed from the fraction by absorbing with heat-killed tubercle bacilli. Heating of the fraction at 100 C and pH 5.6 for 10 min destroyed both enzymatic activities completely, but the mycobactericidal activity remained unaffected. Incubation of the fraction at 40 C and pH 4.1 liberated the mycobactericidal moiety as a smaller-molecular protein separated from acid phosphatase activity. These findings and others suggested that the mycobactericidal principle existed in the form of a complex with lysosomal hydrolases, but as a factor distinct from them. (Kanai, 1967a as Fraction A, B and C in the above order. A preliminary test using H37Ra tubercle bacilli indicated that mycobactericidal activity was associated only with Fraction A in both the spleen and the lung samples, the former being much active than the latter.
INTRODUCTION
Therefore, most of the later experiments were conducted using Fraction A of spleen lysosomal components.
Time Course of Mycobactericidal Action of Fraction A
Fraction A from spleen lysosomal components was dispensed into a test tube in the amount of 2.7ml, with which 0.3ml of a 1mg per ml suspension of H37Ra bacilli was mixed. MgCl2 and CaCl2 were added as described before. As a control tube, the mixture using 2.7ml of 0.05M acetate buffer (pH 5.6) in place of Fraction A was arranged.
These tubes were incubated at 37C to be examined for their viability with one hour intervals.
The results (Fig. 3) showed that the bactericidal action of pH-Dependent Mycobactericidal Action of Fraction A Fraction A, the same sample as before, was dialysed against distilled water overnight.
This was then dispensed into 6 test tubes in the amount of 0.5ml, each of which was added with the same amount of 0.02M acetate buffer or malefic acid . Note: H37Ra bacilli were exposed to the fraction in the concentaration of 0.1mg bacilli per ml at 37C for 6 hr.
buffer to make pH 3.5, 4.1, 5.0, 5.6, 6.2 and 6.5 respectively.
These twice-diluted Fraction A samples of different pH were examined for their mycobactericidal action in just the same way as the previous experiment, providing a control tube for each pH. Viable counts after 6 hr incubation at 37C were compared between Fraction A tube and the control tube to calculate log % survival. The results (Fig. 4) indicated that the mycobactericidal activity of Fraction A was expressed only in the acidic environment below pH 6.0, most markedly at 5.0. A separate experiment using 1/15 M phosphate buffer or pH 7.19 and 7.4 showed that Fraction A was quite inactive in these neutral environment.
Effect of Varying Bacterial Concentration upon Mycobactericidal Action of Fraction A
Various dose combinations were prepared between Fraction A and H37Ra bacilli, each varying in 2-fold steps, in the medium of 0.05M acetate buffer of pH 5.6. After incubation at 37C for 18 hr, viability was examined of each tube. The results (Fig. 5) showed that a close relationship exists between the amount of Fraction A Note: H37Ra bacilli were exposed to the fraction at 37C and pH 5.6 for 18 hr. and the dose of exposed bacilli in connection with the mycobactericidal action.
For instance, almost the same killing rate as by the undiluted Fraction A against a 1mg per ml bacillary suspension was attained by a 1: 8 dilution when the bacillary density exposed to it was reduced down to 0.125mg per ml. This kind of relation was observed also in other fraction-bacillus combinations.
Absorption of Mycobactericidal Activity from Fraction A by
Heat-Killed Tubercle Bacilli
Four ml of Fraction A was incubated with 100mg heat-killed tuberecle bacilli at 37C for 3 hr after which the mixture was centrifuged at 3,900g.
The supernatant was preserved as the fraction of post-treatment.
Mycobactericidal activity of Fraction A of pre-and post-treatment was compared incubating H37Ra bacilli in the environment of 37C and pH 5.6 for 4 hr. The results (Table 1) showed that the Heating Effect on Fraction A In this experiment, Fraction A from lung lysosomal components was used after being concentrated with Ficol (Pharmacia, Uppsala). This was dispensed into 4 test tubes in the amount of 5ml, 3 of which were heated for 10min at 56C, 70C and 100C, respectively.
The remaining one was left unheated. These four samples of Fraction A were examined for acid phosphatase activity, cathepsin activity and mycobactericidal activity.
The results (Table 2) showed that heating at 100C for 10 min destroyed both the enzymatic activities completely but the mycobactericidal activity remained unaffected. cerning protein amount and acid phosphatase activity. The figure indicates that a single protein peak of Fraction A associated with the enzymatic activity was divided into 2 protein peaks by the treatment; the first one was so small but endowed with a strong enzymatic activity, and the second was a much larger one without the enzymatic activity. The figure also shows that the total amount of eluted protein was considerably smaller in the treated sample. This was due to the fact that the material was agglutinated in the reduced pH and could not pass through the column. The three protein fractions (RA, RB and RC) were each concentrated and tested for their antimycobaclerial activity by incubating H37Ra bacilli at 37C for 18 hr. The results (Table 3) showed that RC fraction was most activte in this respect reducing 
Separation of Mycobactericidal Moiety from Fraction

DISCUSSION
The present investigation has shed some light on the nature of the antimycobacterial principle of mouse lysosomal components. First, it was fractionated as an eluate sample associated with hydrolases from detergent-solubilized lysosomal components by gel-filtration on Sephadex G-150 column. The observation that this sample was opalescent or cloudy appeared worthy of attention as a possible indication of the presence of lipids. Our preliminary survey showed that ultracentrifugation of the fraction at 144,700g for 30min produced a pellet having both the enzymatic activities and the bactericidal activity, and that aceton containing 10% water could extract a fairly large amount of material from the pellet. These experiences may suggest that the mycobactericidal principle exists in the form of a complex with lipids and hydrolases. The recent paper of Verity, Caper and Brown (1968) will further develop an idea that such a complex might be a part of the structure of lysosomal membrane.
If this can be the case, the next attempt will be to release the mycobactericidal moiety from the complex. In fact, 40 C incubation of the fraction at a reduced pH was successful in releasing such a moiety as a smaller-molecular protein separated from acid phosphatase, though with a great loss of the original material because of aggregation.
This observation will explain our previous experience that there were two different locations of the antimycobacterial tubes in the Sephadex-column chromatography of spleen lysosomal components in one experiment (Kanai, 1968) . Heattreatment at 100 C also showed that the mycobactericidal principle was distinct from acid phosphatase activity and cathepsin activity.
The particulate nature of the substances contained in Fraction A and their affinity to the mycobacterial surface will support an explanation that the bactericidal event is initiated by the particle-bacillus collision and followed by attachment of the particles onto the cell surface, and finally a deteriorating effect of the active principle will be exerted on the vital structure of the bacilli. Besides, interesting was the observation that the bactericidal effect was pH-dependent.
At the present time, however, it is not known in what stage of the above process pH is playing a particular role. The mycobactericidal principle in the present study has some similarities to lysosomal cationic proteins of polymorphonuclear leucocytes as reported by Zeya and Spitznagel (1966, 1968) . The cationic proteins were bactericidal at pH 5.6 against a variety of gram-positive and gram-negative microorganisms, and the activity was heat-stable and not associated with several lysosomal hydrolases tested. Their papers, however, did not state anything about acid phosphatase or cathepsin activity of the proteins, and tubercle bacilli were not included into their test microorganisms.
The significance of our mycobactericidal principle in relation to tuberculous infection and immunity will be discussed in the succeding report covering the data of the two papers.
